Abstract-Three different adaptive diagonalizers are compared on a probability of symbol error performance basis for dual-channel M-QAM systems. One diagonalizer ( 0 3 ) greatly outperforms the other two, and any comparison of the performance of the diagonalizers to that of the minimum mean square error (MMSE) canceller should be based on 0 3 . Receiver structures are also presented.
I. INTRODUCTION
HE diagonalizer and the minimum mean square error T (MMSE) canceller are two adaptive receiver structures that reduce the problem of depolarization crosstalk in dually polarized channels, and these have been studied by many authors. In [ 13, Kavehrad compared their probability of symbol error performance and concluded that the MMSE receiver was substantially better than the diagonalizer. However, the diagonalizer studied in [ l ] , hereafter called the D1 diagonalizer, is not the only diagonalizer found in the literature. In fact, we have identified two other diagonalizers. One of these, hereafter called the 0 2 diagonalizer, was proposed by Kavehrad et al.
[2] as a normalized version of the D1 diagonalizer. The other was analyzed by Duvoisin et al. [ 3 ] , and will be called the 0 3
diagonalizer.
The purpose of this correspondence is to compare these three diagonaliiers on a probability of symbol error performance basis when dual-channel M-QAM is transmitted. It will be shown that 0 3 performs best, followed by 0 2 and, as expected, the D1 diagonalizer performs worst of all. Receiver structures for all three diagonalizers will be presented.
DUAL-CHANNEL M-QAM SYSTEM
The dual-channel M-QAM model is well documented in It is straightforward to show that the probability that i?,, the estimate for a,, is in error, for the Di diagonalizer, is given by The A , term greatly reduces the performance of the D1 diagonalizer, since it causes the argument of the complementary error function to be reduced. This effect will be more of a problem as the level M of the dual-channel M-QAM system is ooW-6778/91/0300-0390$01.00 0 1991 IEEE If it is assumed, as is usually done, that 4I and qb2 are uniformly distributed from -?r to ?r, one may also define the average probability of symbol error (Pes) as IV. RESULTS AND DISCUSSION Calculations of (Pes) have been made using (4), (5), and (6) for dual-channel 16-QAM shown in Fig. 1 , and for dual-channel 64-QAM shown in Fig. 2 . The performance of 0 2 in Fig. 1 agrees with Fig. 9 of [2] if allowance is made for the difference in the definition of symbol error, i.e., [2] uses (4) as the probability of symbol error, whereas we use (5). For these graphs, the signal-to-noise (dBN) ratio is defined as
where L = 4 for dual-channel 16-QAM, and L = 8 for dualchannel 64-QAM. Also, the crosstalk level is given by dBI = 20 log r .
From Figs. 1 and 2 , it is clear that 0 3 vastly outperforms 0 2 which outperforms D1. The performance differences become more important as the crosstalk level increases. To further illustrate this, a graph of degradation versus crosstalk level for a (Pes) of is shown in Fig. 3 . By degradation, we mean the amount the signal-to-noise has to increase in order to maintain the average probability of symbol error at a level of From  Fig. 3 , it is seen that the degradation does not depend upon the level M of dual-channel M-QAM being transmitted for the 0 3 diagonalizer. This is not the case for D1 and 0 2 where the Signal-to-Noise Ratio (dB) V. RECEIVER STRUCTURES We have shown above that 0 3 is the preferred diagonalizer and the natural question which arises is, "How is this to be implemented?" Ironically, the answer is supplied by Kavehrad [ 11. The receiver structure given by him in [ 13, and shown here in Fig. 4 , switch in position A , actually implements 0 3 and not D1 which is the diagonalizer he analyzed in that paper. In fact, D1 is implemented by requiring W,, and W,, to be unity, as in switch position B , in Fig. 4 . In this case, W,, converges to -T,,, and W,, converges to -T,,. Thus, the channel parameters are readily available from the D1 and 0 2 diagonalizers. The analysis done in 
VI. CONCLUSION

Switch Diaganalizer Position Detector
In this letter, we have compared the probability of symbol using an automatic gain control (AGC) device. However, this can also be accomplished by a modification of the detector of We will do this for S, *, and the reader can verify the others.
Receiver structures were also discussed. It was shown that
Kavehrad's structure given in [l] actually implements 0 3 , and that 0 1 is implemented by constraining two weights of the 0 3 diagonalizer to be unity. A structure was also proposed for the 0 2 diagonalizer. It was also noted that the channel parameters can easily be recovered from the 0 1 and 0 2 diagonalizers.
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We will also make the'%nplifying assumption that W12 has already converged to -T12, and that S, has been fixed at unity during the convergence time of W12. It must be stressed that this
is not necessary for convergence of 0 2 , but it does simplify the 
